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Age-related macular degeneration (AMD) is the third largest eye disease. However, the eye has a variety of drug delivery
barriers, which prevent the drug from reaching the lesions in the posterior segment of the eye, coupled with the pathogenesis of
dry-AMD; these lead to the lack of effective treatment drugs for dry-AMD. +erefore, the developments of a suitable
therapeutic drug and a novel ophthalmic preparation are of great significance for the treatment of dry-AMD. +e purposes of
this study were to construct a novel traditional Chinese medicine (Chuanqi Fang) anti-AMD microemulsion in situ gel for
treating dry-AMD and investigate its characteristic, efficiency, irritation, and tissue distribution. In this study, the charac-
teristic of the Chuanqi microemulsion in situ gel was measured by dynamic light scattering. +e electroretinogram (ERG)
indicators and the number of retinal pigment epithelial cells were measured to evaluate the therapeutic effect of the novel
ophthalmic nanopreparations. Irritation was evaluated according to Technical Guideline Principles (ZGPT4-1). +e analysis of
tissue distribution was carried out with LC-MS. +e research showed that the particle size of microemulsion was
38.56 ± 0.21 nm. +e Chuanqi microemulsion in situ gel had certain roles in repairing retina damage of the dry-AMD animal
model and showed no irritation. +e tissue distribution study found that the microemulsion in situ gel could effectively deliver
the drug to the posterior eye of the AMDmodel rat through the route of cornea-vitreous body-retina. In conclusion, this study
provided a meaningful research strategy and research basis for the development of new dry-AMD therapeutic drugs.

1. Introduction

Age-relatedmacular degeneration (AMD) is the third largest
eye disease all over the world according to the report Vision
2020 [1] released by theWorld Health Organization (WHO).
According to the presence or absence of choroidal neo-
vascularization (CNV), AMD can be divided into two types
[2]: dry-AMD and wet-AMD. +e eye has a special ana-
tomical structure, forming a variety of drug delivery barriers,
including the tear barrier, conjunctiva, corneal barrier, and
blood-eye barrier. +ese barriers prevent the drug from
reaching the lesions in the posterior segment of the eye and
limit the efficacy of drugs for treating the ocular posterior
segment eye diseases (AMD). Due to the special physio-
logical structure and pathogenesis of the eye, there is no clear

treatment method and ideal drug treatment for dry-AMD
treatment. +erefore, the selection of a suitable therapeutic
drug and the preparation of a novel ophthalmic preparation
for the efficient delivery of the posterior eye are of great
significance for the treatment of dry-AMD.

Traditional Chinese medicine (TCM) has many ad-
vantages for treating AMD [3–5]; the TCM for “nourishing
Qi” and “activating blood” can often achieve good curative
effects for the treatment of fundus diseases. Among them,
Ligusticum chuanxiong and Astragalus membranaceus are
the two most commonly used TCMs [6, 7]. Modern oph-
thalmological pharmacological studies have also found that
Ligusticum chuanxiong could treat retinal vein occlusion [8],
and Astragalus membranaceus could reduce retinal ische-
mia-reperfusion injury, and it also had a significant
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protective effect on the retinal ganglion injury model [9, 10].
According to the clinical experience of TCM, Ligusticum
chuanxiong and Astragalus membranaceus can be combined
into a compound prescription named Chuanqi Fang. +e
appropriate dosage form, which is a good treatment for dry-
AMD, can play the efficacy of Chuanqi Fang.

In the design of the dosage form, prolonging the re-
tention time of the drug in the eye, overcoming a variety of
drug delivery barriers, and increasing the concentration of
the drug in the posterior segment of the eye are the keys to
exert the therapeutic effect of the drug on fundus oculi
diseases. At present, the commonly used methods of pos-
terior ophthalmic administration include local administra-
tion and intraocular administration. +e multiple
intraocular injections could increase the risks of vitreous
haemorrhage, retinal detachment, and endophthalmitis [11],
so the patients’ acceptance of intraocular injection is low. It
is of great significance to develop a new type of preparation
which is comfortable and effective for local treatment of dry-
AMD. +erefore, in this paper, microemulsion was used to
enhance the drug concentration in the posterior eye.
Combined with the technical advantages of microemulsion
and in situ gel, a series of studies on a new ophthalmic
nanopreparation, Chuanqi microemulsion in situ gel, were
carried out.

Microemulsion was first named by Schulman [12]. It is
composed of water phase, oil phase, surface active agents
(SA), and co-surface active agents (Co-SA). Microemulsion
has many advantages: (1) enhancing the solubility of dif-
ferent hydrophobic drugs; (2) promoting the biomembrane
permeation; (3) improving the bioavailability of drugs; (4)
prolonging the release time of water-soluble drugs; and (5)
no irritation [13–15]. +erefore, in this paper, micro-
emulsion is very suitable as a carrier for drugs to improve the
ability of drugs to cross the barrier and promote the drugs to
reach the posterior ocular segment. In situ gel is a special gel
which has sol-gel reaction phenomenon, while above the
critical point, it transfers from solution to gelatin; however,
below the critical point, it transfers from gel to solution.
According to the transferring factors, it can be divided into
thermosensitive in situ gel [16], pH-sensitive in situ gel [17],
and ion-sensitive in situ gel [18]. Among them, the tem-
perature-sensitive in situ gel is very suitable for the devel-
opment of ophthalmic preparations, which has the
advantages of prolonging corneal retention time, accurate
dosing, and good reproducibility [19–21]. Based on the
advantages of two formulations of microemulsion and in
situ gel, the thermosensitive ophthalmic microemulsion in
situ gel was constructed in this paper. Compared with the
ordinary in situ gel, the microemulsion in situ gel can not
only improve the spreading effect of drugs on the ocular
surface and the retention time of the cornea but also enable
the drug to rapidly penetrate the blood-eye barrier with the
help of microemulsion, so as to achieve effective treatment of
posterior segment diseases.

In summary, Chuanqi microemulsion in situ gel could
meet a series of technical needs for dry-AMD treatment.
+erefore, the study established Chuanqi microemulsion in
situ gel for the treatment of dry-AMD. Furthermore,

nanocarrier characteristics of microemulsion, the efficiency
of treating dry-AMD, the irritation, and tissue distribution
of the Chuanqi microemulsion in situ gel were evaluated.
+is study provided a very meaningful research strategy and
research basis for the development of new dry-AMD
therapeutic drugs.

2. Materials

Ligusticum chuanxiong Hort. and Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) were purchased from
Beijing Qiancao Chinese Herbal Medicine Co., Ltd. (Beijing,
People’s Republic of China). Poloxamer 407, oleic acid (OA),
polyoxyethylene hydrogenated castor oil (RH-40), poly-
ethylene glycol 400 (PEG 400), and propylene glycol (PG)
were all purchased from BASF (Ludwigshafen, Germany).
Gelatin was purchased from Qinghai Gelatin Co., Ltd.
(Xining, People’s Republic of China). Phosphotungstic acid
was purchased from Sigma-Aldrich Co. LLC (Beijing,
People’s Republic of China). Hematoxylin (HE) was pur-
chased from Sigma-Aldrich Co. LLC (Beijing, People’s
Republic of China). Ligustrazine, ligustilide, and astraga-
loside IV were purchased from Wuhan Tianzhi Biotech-
nology Co., Ltd. (Wuhan, People’s Republic of China).

2.1. Animals. Sprague Dawley rats (SD rats) weighing
160± 10 g were purchased from Beijing Vital River Labo-
ratory Animal Technology Co., Ltd. (Production license no.
SCXK (Jing) 2016-0006); the rats were raised in the animal
barrier room. +e feeding conditions were maintained at
21°C–23°C, 40–70% relative humidity, and 12 h dark/light
cycle. Experiments were performed after the rats were
allowed to acclimate for 7 days.

Male New Zealand rabbits weighing 3± 0.5 kg were
purchased from Beijing Xinglong Experimental Animal
Breeding Farm (Production license no. SCXK (Jing) 2016-
0003); the rabbits were raised in the ordinary animal room.
+e feeding conditions were maintained at 21°C–23°C.
Experiments were performed after the rabbits were allowed
to acclimate for 3 days.

All animal experiments in the study were carried out in
accordance with the guidelines approved by the Animal
Ethics Committee of Eye Hospital, China Academy of
Chinese Medical Sciences, Beijing, China.

3. Methods

3.1. Preparation of the Chuanqi Extract. +e preparation
process of the Chuanqi extract was as follows: (1) Ligusticum
chuanxiong Hort. and Astragalus membranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao were extracted with 85%
ethanol three times for 1.5 hours per time, and the extraction
solvent was recovered by decompression to obtain the
Chuanqi ethanol extract; (2) the residue after alcohol ex-
traction was extracted with water three times for 2.0 hours
per time. +e water extract was concentrated and alcohol-
precipitated. +e alcohol precipitation supernatant was
evaporated to obtain the Chuanqi water extract.
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3.2. Preparation of the Chuanqi Microemulsion In Situ Gel.
+e composition of the Chuanqi microemulsion in situ gel is
shown in Table 1. +e preparation process of the Chuanqi
microemulsion in situ gel is as follows: (1) blank micro-
emulsion and Chuanqi ethanol extract were stirred with a
magnetic stirrer (C-MAG HS4, IKA Works GmbH & Co,
Germany) at 600 rpm for 15min to obtain Chuanqi
microemulsion; (2) blank in situ gel and Chuanqi water
extract were stirred with a mixer (power control-visc, IKA
Works GmbH & Co, Germany) at 200 rpm for 20min to
obtain the in situ gel part; and (3) Chuanqi microemulsion
part was mixed into the in situ gel part, and the mixture was
stirred with a mixer (power control-visc P4, IKA Works
GmbH & Co, Germany) at 200 rpm for 20min to obtain the
Chuanqi microemulsion in situ gel [22].

3.3. Preparationof theChuanqi InSituGel. Chuanqi in situ gel
was prepared by mixing the Chuanqi ethanol extract, Chuanqi
water extract, and blank in situ gel at 200 rpm for 20min. +e
composition of the Chuanqi in situ gel is shown in Table 1.

3.4. Characterizations of the Chuanqi Microemulsion In Situ
Gel. +e 0.2 g sample (prepared with the method given in
“3.2 Preparation of Chuanqi Microemulsion In Situ Gel”)
was diluted 500 times with water, and this diluted sample
was stirred; the diluted solution was filtered through a filter
paper and 0.22 μm millipore filter successively. +e particle
size and zeta potential of Chuanqi microemulsion in the
subsequent filtrate were evaluated by dynamic light scat-
tering (Zetasizer Nano-ZS; Malvern Instruments, Malvern,
UK) [23, 24].

3.5. Morphological Observation of Microemulsion. +e 0.2 g
sample (prepared with the method given in “3.2 Preparation
of Chuanqi Microemulsion In Situ Gel”) was diluted 500
times with water, and this diluted sample was stirred with a
magnetic stirrer and was filtered using the 0.22 μmmillipore
filter. About 0.1ml of the diluted sample was further diluted
100 times with water. A drop of the final diluted solution was
adsorbed on a 400-mesh copper grid, and the excess solution
was removed. +e sample was air-dried for 10 hours, and
then the morphology of microemulsion was observed and
photographed by a JEM-2200FS transmission electron mi-
croscope (200 kV) (JEOL, Tokyo, Japan).

3.6. Determination of Phase Transition Temperature of the
ChuanqiMicroemulsion In SituGel. +e rheological method
was used to investigate the microemulsion-in situ gel phase
transition temperature. +e test parameters of the MCR-102
rheometer (Anton Paar, Austria) were set as follows: initial
holding time: 120min, shear force: 100 Pa, and temperature
scanning range: 0°C–40°C.

3.7. Evaluation of Efficacy Based on the Dry-AMD Animal
Model. +e establishment of the dry-AMD animal model
was the key to evaluate the efficacy. Chemical damage

modeling was one of the easiest and most successful
methods, especially for sodium iodide modeling; sodium
iodate could selectively cause RPE layer damage and then
lead to pathological changes in photoreceptor cells and other
tissues, which were similar to the pathogenesis of human
dry-AMD [25–29]. +erefore, the method of sodium iodide
modeling was used to establish the dry-AMDmodel. On this
basis, the ERG indicators (dark ERG, max ERG, bright ERG,
and 30Hz flicker ERG) and the number of RPE cells were
measured to evaluate the therapeutic effect of the novel
ophthalmic nanopreparations on the dry-AMD animal
model.

3.8. Model Establishment and Grouping. 160± 10 g male SD
rats were used to establish the dry-AMD animal models by a
tail vein injection of 40mg/kg sodium iodide solution.
Before the experiment, all the rats had strict eye examina-
tions to ensure that the rats were free of eyeball and retinal
damage. After the modeling, the rats were randomly divided
into four groups: Chuanqi microemulsion in situ gel group,
model control group, esculin and digitalis glycosides eye
drops group, and normal control group (normal rats without
modeling). +e administration was initiated on the first day
after modeling, and the rats were observed at 7 days after the
initiation of administration.

+e administration was as follows: Chuanqi micro-
emulsion in situ gel was administered into the eye by using
the dropper 4 times per day, and the administration time was
9:00, 12:00, 15:00, and 18:00, respectively; model control
group: normal saline was administered into the eye by using
the dropper 4 times per day, and the administration time was
9:00, 12:00, 15:00, and 18:00, respectively; esculin and dig-
italis glycosides eye drops group: esculin and digitalis gly-
cosides eye drops were administered into the eye by using
the dropper 4 times per day, and the administration time was
9:00, 12:00, 15:00, and 18:00, respectively; normal control
group: the animals in this group were fed normally, without
modeling and other treatments.

3.9. ERG Measurement. After that, the standard flash
stimulation was used to induce retinal comprehensive po-
tential (single stimulus). Dark ERG, bright ERG, max ERG,
and 30Hz flicker ERG were measured by the Roland visual
electrophysiology diagnostic instrument system (Roland
Industrial Electronics. L. P, Germany), and the frequency
band was 0.1–1∼300∼1000Hz. During the experiment, an-
imal warming equipment was used to maintain the body
temperature of the animals. +e ERG value measured in the
blank control group was compared with the values measured
in the model group and the drug administration group,
respectively, to verify the effectiveness of the drug [30, 31].

3.10. Number of Retinal Pigment Epithelial Cells (RPE Cells)
(Histopathological Examination). +e left eyeballs of rats
were fixed in 4% paraformaldehyde for two hours. +e
anterior segment and partial vitreous body were carefully
removed. +e remaining tissues were microscopically
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observed after dehydration, paraffin embedding, sec-
tioning (4 μm), and HE staining. +e retinal pigment
epithelia were counted using the DM2500 microscope
with Image-Pro Plus 6.0 image analysis software (Leica
Microsystems Inc., Route Planner, United States), the
objective lens 40 times and the eyepiece 10 times were
used for microscopic observation.

3.11. Irritation [32–34]

3.11.1. Specific Scoring Criteria. Each rabbit was scored
according to the Technical Guideline Principles for Irritation
and Hemolysis of Traditional Chinese Medicine and Natural
Drugs (ZGPT4-1) (Center For Drug Evaluation) [34]; the
irritation score between 0 and 3 was considered as no ir-
ritation, as shown in Table 2.

3.11.2. One-Time Trial. After the ophthalmologic exami-
nations, 30 male domestic rabbits (3.0± 0.5 kg) with con-
forming eyes were selected, and they were randomly divided
into three groups: Chuanqi microemulsion in situ gel group,
gel matrix group, and normal saline group.+e samples were
dripped into the left eyes of the rabbits, and the eyes were
examined (conjunctiva, cornea, iris, and secretions) at 1, 3,
24, and 72 hours after the initiation of administration. +e
scores and photographs were recorded, and the two eyes of
the same rabbit were compared.

3.11.3. Seven-Day Trial. After the ophthalmologic exami-
nations, 30 male domestic rabbits (3± 0.5 kg) with con-
forming eyes were selected, and then, they were randomly
divided into three groups: Chuanqi microemulsion in situ
gel group, gel matrix group, and normal saline group. +e
samples were dripped into the left eye of a male domestic
rabbit four times per day (the administration time points
were 9:00, 11:00, 13:00, and 15:00) for seven days. +e eyes
were examined for seven consecutive days. After 7 days,
ophthalmological examinations were performed on rabbits,
and the inspection items included conjunctiva, cornea, iris,
and secretions. +e scores and photographs were recorded,
and the two eyes of the same rabbit were compared before
and after administration.

3.12. Tissue Distribution. +ere were two routes of drug
absorption in the eye: corneal and noncorneal pathways, and
the main route was the corneal pathway [35–38]. In this part,
the tissue distribution of the Chuanqi microemulsion in situ
gel was invested to discuss the absorption difference of index
ingredients between the model animal and the normal
animal. Furthermore, according to the results, the possible
route across to the retina was speculated.

3.12.1. Collection of Tissue Samples. +e corneas, lenses,
vitreous bodies, and retinas of the rats’ eyes were dissected
successively. +e collected tissues were transferred to the
1mL centrifuge tubes and stored at −80°C.

3.12.2. Treatment of Tissue Distribution Samples. An ap-
propriate amount of ocular tissues was homogenized, and
then, the sample was extracted by ultrasound after adding
50% methanol-water. +e above extracting solution was
centrifuged at the rate of 13,200 rpm for 10 minutes, and the
supernatant was analyzed by liquid chromatography-mass
spectrometry.

3.12.3. Liquid Chromatography-Mass Spectrometry
Conditions. Ligustrazine and ligustilide were the repre-
sentative effective components of Ligusticum chuanxiong,
and astragaloside IV was the representative effective com-
ponent ofAstragalus membranaceus (Figure 1). In this study,
these components were used as the index ingredients to
study the tissue distribution in vivo. +e quantitative de-
termination of ligustrazine, ligustilide, and astragaloside IV
was performed by liquid chromatography-mass spectrom-
etry (LC-MS). LC-20-AD rapid separation (Shimadzu Co.,
Ltd., Kyoto, Japan) and 5500 TRAP triple quadrupole

Table 2: Criterion of irritation scores according to ZGPT4-1.

Irritation scores Criterion
0∼3 No irritation
4∼8 Low irritation
9∼12 Medium irritation
13∼16 High irritation

Table 1: +e compositions of the Chuanqi microemulsion in situ gel and Chuanqi in situ gel.

No. Composition Chuanqi microemulsion in situ gel
(% w/w)

Chuanqi in situ gel
(% w/w) Remarks

1 Chuanqi ethanol extract 2.27 2.27 Extract part2 Chuanqi water extract 2.72 2.72
3 Oleic acid (OA) 0.08 —

Blank microemulsion
part

4 Polyoxyethylene hydrogenated castor oil
(RH-40) 0.54 —

5 Polyethylene glycol 400 (PEG 400) 0.12 —
6 Propylene glycol (PG) 0.01 —
7 Water (microemulsion part) 1.52 —
8 Poloxamer 407 17.00 17.00

Blank in situ gel part9 Gelatin 0.17 0.17
10 Water (in situ gel part) 75.57 77.84
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tandem mass spectrometer (AB Scientific, Eltham, Aus-
tralia) were used.

UPLC conditions were as follows: (1) column: Waters
UPLC BEH C18 column (1.7 μm, 2.1mm× 100mm); column
temperature: 40°C; mobile phase: water (0.1% formic acid)
and acetonitrile; and flow rate: 0.3mL·min−1, and gradient
elution program is shown in Table 3. Every sample was
filtered through a 0.22 μm membrane filter before injection
into the UPLC system. +e analytes were detected with
electrospray positive ionization (ESI+). +e ion pairs and
collision energies of the analytes were as follows: ligustilide:
(m/z: 191.1⟶ 91.1, 15V), astragaloside IV (m/z:
785.5⟶143.1, 25V), and ligustrazine (m/z: 137.1⟶ 96.1,
20V), and other details are shown in Table 4.

3.12.4. Tissue Distribution Study

(1) ?e Local Tissue Distribution of the Chuanqi Micro-
emulsion In Situ Gel in the Dry-AMD Model Animals. Male
SD rats (160 g± 10 g) were divided into two groups: Chuanqi
microemulsion in situ gel group (drug concentration: 5%)
and blank group (normal saline) with 16 rats in each group.
+e SD rats in the Chuanqi microemulsion in situ gel
modeling group were treated according to the method under
Section “3.8. Model Establishment and Grouping” to es-
tablish the dry-AMD models. +e Chuanqi microemulsion
in situ gel was administrated after the modeling was com-
pleted. +e administration methods and sampling points of
each group were as follows: 20 μL of the sample was dripped
into the two eyes of male SD rats; the rats were sacrificed at
0.5, 1, 2, and 4 hours after administration, and then the two
eyeballs of SD rats were stripped (4 SD rats at each sampling
point). +e ocular tissues were treated and determined with
the method mentioned in Section “3.12 Tissue Distribution,
(2) Treatment of Tissue Distribution Samples.”

(2) A Comparative Study of the Local Tissue Distribution
between the Chuanqi Microemulsion In Situ Gel and Chuanqi
In Situ Gel in the Normal Animal [39]. Male SD rats
(160 g± 10 g) were divided into three groups: Chuanqi
microemulsion in situ gel group (drug concentration: 5%),
Chuanqi in situ gel group (drug concentration: 5%), and
blank group (normal saline), with 16 rats in each group; the
research method is shown in [39].

3.13. Statistical Analysis. +e results in the article were
statistically analyzed by means of SPSS 19.0. Multiple ran-
domized single-factor analysis of variance (ANOVA) was
used to statisticize the data between multiple groups at the
same time point. According to the results of the homoge-
neity of variance test, the statistical methods of comparing
each other were determined, p> 0.05, LSDmethod was used;
p< 0.05, and Tamhane method was used; p< 0.05 was
considered statistically significant.
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Figure 1: +e chemical structures of ligustrazine, ligustilide, and astragaloside IV.

Table 3: Gradient elution program of LC-MS.

Time (min) Water (v%) Acetonitrile (v%)
0 95 5
2 50 50
4 20 80
5 0 100
6 0 100
6.1 95 5
10 95 5

Table 4: Parameters of mass spectrometry.

CMR:30.00 CAD: medium CXP :10.00
IS : 5000.00 DP :120.0 GS1 : 50.00
TEM : 500.00 EP :10.0 GS2 : 50.00
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4. Results

4.1. Characterization. +e characterizations of the Chuanqi
microemulsion in situ gel were investigated using the
method given under Section “3.4 Characterizations of
Chuanqi Microemulsion In Situ Gel.”+e result showed that
the particle size of microemulsion was 38.56± 0.21 nm (PDI
0.18), and the zeta potential was −17.99± 0.22mv.

4.2. Morphological Observation of Microemulsion. +e
morphology of Chuanqi microemulsion was observed using
the method given under Section “3.5 Morphological Ob-
servation of Microemulsion,” and the pictures are shown in
Figure 2; the particle size of the microemulsion was shown
within 100 nm, and it was unevenly globular or quasi-
globular.

4.3. ?e Phase Transition Temperature of the Chuanqi
Microemulsion InSituGel. +e phase transition temperature
of the Chuanqi microemulsion in situ gel was 32± 0.5°C,
which was basically the same as that of the cornea at
32.06± 1.24°C [40]. +erefore, the in situ gel could be
changed from liquid to semisolid in the cornea.

4.4. Evaluation of Efficacy Based on the Dry-AMD Animal
Model

4.4.1. Dark ERG (Rod Cells). +e results of dark adaptation
ERG showed that the b-wave amplitude is arranged in the
descending order: esculin and digitalis glycosides eye drops
group>Chuanqi microemulsion in situ gel group> normal
control group>model control group. +e amplitude of the
b-wave in each group had statistical significance (p< 0.05).
+e amplitude of the normal control group, Chuanqi
microemulsion in situ gel group, and esculin and digitalis
glycosides eye drops group was significantly higher than that
of the model group (p< 0.05), as shown in Table 5 and
Figures 3 and 4. +e result of dark ERG showed that the
Chuanqi microemulsion in situ gel had a protective effect on
the rod cells.

4.4.2. Max ERG. +e results of dark adaptation max ERG
showed that the b-wave amplitude is arranged in the
descending order: Chuanqi microemulsion in situ gel
group>normal control group> esculin and digitalis gly-
cosides eye drops group>model control group. +e am-
plitude of the b-wave in each group had statistical
significance (p< 0.05). +e amplitude of the normal control
group, Chuanqimicroemulsion in situ gel group, and esculin
and digitalis glycosides eye drops group was significantly
higher than that of the model group (p< 0.05), as shown in
Table 6 and Figures 3 and 5.

4.4.3. Bright ERG (Cone Cells). +e results of bright adap-
tation ERG showed that the b-wave amplitude is arranged in
the descending order: Chuanqi microemulsion in situ gel
group> esculin and digitalis glycosides eye drops

group>normal control group>model control group. +e
amplitude of the b-wave in each group had statistical sig-
nificance (p< 0.05). +e amplitude of the normal control
group, Chuanqi microemulsion in situ gel group, and esculin
and digitalis glycosides eye drops group was significantly
higher than that of the model group (p< 0.05), as shown in
Table 7 and Figures 3 and 6.+e result of bright ERG showed
that the Chuanqi microemulsion in situ gel had a protective
effect on the cone cells.

4.4.4. 30Hz Flicker ERG. +e results of bright adaptation
30Hz flicker ERG showed that the b-wave amplitude is
arranged in the descending order: Chuanqi microemulsion
in situ gel group> esculin and digitalis glycosides eye drops
group>normal control group>model control group. +e
amplitude of the b-wave in each group had statistical sig-
nificance (p< 0.05). +e amplitude of the normal control
group, Chuanqi microemulsion in situ gel group, and esculin
and digitalis glycosides eye drops group was significantly
higher than that of the model group (p< 0.05), as shown in
Table 8 and Figures 3 and 7.

4.4.5. Number of Retinal Pigment Epithelial Cells (RPE Cells).
+e result of RPE cell count showed that the order of RPE
cell count was as follows: normal control group>Chuanqi
microemulsion in situ gel group> esculin and digitalis
glycosides eye drops group>model control group. +e
number of RPE cells in each group was statistically signif-
icant (p< 0.05). +e results are shown in Table 9 and
Figure 8.

4.5. Irritation. +e irritation of the Chuanqi microemulsion
in situ gel was evaluated through one-time trial and 7-day
trial, with the specific methods shown under Section “Ir-
ritation”. It turned out that, at 3 h after the one-time ad-
ministration test, the irritation scores of the Chuanqi
microemulsion in situ gel group, matrix group, and saline
group were 0.05, 0, and 0, respectively, as shown in Table 10.

+e irritation scores of the Chuanqi microemulsion in
situ gel group, matrix group, and saline group in 7-day dose

Figure 2: TEM of Chuanqi microemulsion.
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trials were 1.0, 0.06, and 0, respectively, as shown in Figure 9.
Rabbit eyes of the Chuanqi microemulsion in situ gel group,
matrix group, and saline group were almost the same.

According to the irritant scoring criteria, 0–3 were
classified as no irritation (Table 10) [1]. It turned out that the
Chuanqi microemulsion in situ gel had no irritation.

4.6. Tissue Distribution

4.6.1. In Vivo Absorption Characteristics of the Chuanqi
Microemulsion In Situ Gel. Microemulsion could increase
the absorption of the drug in the eye of normal animals; the
research [39] showed that, in the Chuanqi in situ gel ad-
ministration group, a very small amount of ligustilide
(24.31± 5.21 ng/g) was only detected in the cornea at the
30min sampling time point (Figures 10 and 11), and no any
indicative component was detected in the vitreous body,
retina, and crystalline lens at all sampling time points; in the
Chuanqi microemulsion in situ gel administration group,
ligustilide could be detected in different eye tissues at dif-
ferent sampling time points. +e results showed that the
drug carriers of microemulsion could markedly improve the
ocular penetration and enhance the absorption of the drug.

As the research deepened, the local tissue distribution
study on the Chuanqi microemulsion in situ gel in the
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Figure 3: Electroretinograms of the efficacy evaluations: (a) dark ERG; (b) max ERG; (c) bright ERG; (d) 30Hz flicker ERG.

Table 5: +e results of dark ERG.

Group Number of samples Values
Normal control group 11 30.73∗ ± 8.25
Model control group 8 11.00± 2.51
Esculin and digitalis glycosides eye drops group 13 38.92∗ ± 7.37
Chuanqi microemulsion in situ gel 11 37.23∗ ± 5.44
Total 43
∗Statistical significance (p< 0.05).
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Figure 4: Scores of dark ERG (Chuanqi microemulsion in situ gel
is abbreviated to Chuanqi gel; esculin and digitalis glycosides eye
drops group is abbreviated to esculin eye drops group).

Evidence-Based Complementary and Alternative Medicine 7



Table 6: +e results of max ERG.

Group Number of samples Values
Normal control group 10 26.30∗ ± 3.28
Model control group 8 12.00± 1.00
Esculin and digitalis glycosides eye drops group 10 25.50∗ ± 3.74
Chuanqi microemulsion in situ gel 10 38.90∗ ± 4.15
Total 38
∗Statistical significance (p< 0.05).
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Figure 5: Scores of max ERG (Chuanqi microemulsion in situ gel is abbreviated to Chuanqi gel; esculin and digitalis glycosides eye drops
group is abbreviated to esculin eye drops group).

Table 7: +e results of bright ERG.

Group Number of samples Values
Normal control group 6 18.83∗ ± 5.25
Model control group 6 6.58± 1.46
Esculin and digitalis glycosides eye drops group 12 22.17∗ ± 7.53
Chuanqi microemulsion in situ gel 8 36.13∗ ± 9.22
Total 32
∗Statistical significance (p< 0.05).
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Figure 6: Scores of bright ERG (Chuanqi microemulsion in situ gel is abbreviated to Chuanqi gel; esculin and digitalis glycosides eye drops
group is abbreviated to esculin eye drops group.).
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dry-AMD model animals was carried out. +e process of
the tissue distribution of the Chuanqi microemulsion in
situ gel was discussed, and the possible route across to the
retina was speculated.

+e results showed that only ligustrazine could be
quantitatively determined at different time points, while
ligustrazine and astragaloside IV cannot be determined
(Tables 11 and 12, Figure 12). In addition, compared with the
normal group, the intraocular absorption of ligustrazine in
the AMD model group increased significantly; at the 30min
sampling point, the contents of ligustrazine in the cornea,
vitreous body, and retina increased by 23.7%, 21.2%, and
29.4%, respectively; the decline of the eye barrier in the AMD
model group may be the cause of this phenomenon.

4.6.2. ?e Possible Route across to the Retina of Ligustilide
from the Chuanqi Microemulsion In Situ Gel. +e possible
route across to the retina was speculated as follows. At 30

Table 9: Statistical table of the number of RPE cells.

Group Number of samples Values
Normal control group 8 48.31± 5.74
Model control group 16 11.41± 0.88
Esculin and digitalis glycosides eye drops group 11 31.55∗ ± 2.58
Chuanqi microemulsion in situ gel 11 36.45∗ ± 1.74
Total 46
∗Statistical significance (p< 0.05).
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Figure 8: +e result of RPE cell count (Chuanqi microemulsion in
situ gel is abbreviated to Chuanqi gel; esculin and digitalis gly-
cosides eye drops group is abbreviated to esculin eye drops group).

Table 8: +e results of flicker ERG.

Group Number of samples Values
Normal control group 10 14.85∗ ± 1.20
Model control group 6 6.50± 0.74
Esculin and digitalis glycosides eye drops group 7 21.29∗ ± 2.16
Chuanqi microemulsion in situ gel 8 32.44∗ ± 2.87
Total 31
∗Statistical significance (p< 0.05).
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Figure 7: Scores of 30Hz flicker ERG (Chuanqi microemulsion in situ gel is abbreviated to Chuanqi gel; esculin and digitalis glycosides eye
drops group is abbreviated to esculin eye drops group).
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minutes, ligustilide had reached the vitreous body and
retina, and its concentrations in the cornea, vitreous body,
and retina were 293.88± 21.43 ng/g, 106.98± 8.67 ng/g, and
76.36± 5.88 ng/g, respectively. +e concentration of ligu-
stilide in these three ocular structures decreased with time.
Four hours after administration, ligustilide was still present
in the cornea, but it could not be detected in the vitreous
body and retina.

To sum up, the concentration order of ligustilide in the
eye tissue was as follows: cornea> vitreous body> retina. In
terms of the eyeball structure, the cornea was at the anterior
side of the eyeball, the vitreous body was located at the
middle-posterior side of the eyeball, and the retina was

located at the posterior side of the eyeball. +e concentration
order of ligustilide in the cornea, vitreous body, and retina
was related to the eye structural features. +e drug ab-
sorption process was passive diffusion. In this sense, it was
concluded that the cornea-vitreous body-retina was one of
the routes for the drug to penetrate from the anterior region
to the posterior region.

+e Chuanqi microemulsion in situ gel was used for the
treatment of dry-AMD, which was a posterior ocular disease.
+e distribution results, obtained from the normal animals
and the dry-AMD model animals, showed that the active
component in the Chuanqi microemulsion in situ gel could
exert effects after reaching the posterior eyes.
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Figure 10: (a) LC-MS chromatogram of ligustilide; (b) blank LC-MS chromatogram of ligustilide.

Table 10: Statistical results of irritation scores at one dose trial (n� 10).

Group
Irritation scores

1 h 3 h 24 h 72 h
Chuanqi group 0 0.05± 0.16 0 0
Matrix group 0 0 0 0
Saline group 0 0 0 0
Chuanqi microemulsion in situ gel group is abbreviated to Chuanqi group.
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Figure 9: Irritation scores in 7-day dose trials (Chuanqi microemulsion in situ gel group is abbreviated to Chuanqi group; esculin and
digitalis glycosides eye drops group is abbreviated to esculin eye drops group).
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5. Discussion

In this paper, Chuanqi microemulsion was prepared with
OA, PEG400, and PG; the particle size of the microemulsion
was less than 100 nm, and its appearance was spherical.
Besides, Chuanqi microemulsion in situ gel was prepared by
the combination of Chuanqi microemulsion and in situ gel.
+e nanopreparation changed from liquid to semisolid after
instilling into the eye, and the drug could reside in the eyes
for a longer period of time. With the help of microemulsion,
the small molecule compound could quickly penetrate the
cornea and lens to reach the ocular posterior segment, which
would be beneficial to dry-AMD treatment. +is article
systematically evaluated the novel ophthalmic preparations
from the perspectives of efficacy, irritation, and tissue
distribution.

5.1. Discussion on Pharmacodynamic Results. +e retinal
tissue of mammals generally contained two types of pho-
toreceptor cells: rod cells and cone cells. Dark adaptation
ERG and max ERG could be used to evaluate the physio-
logical function of rod cells; bright adaptation ERG and

30Hz flicker ERG could be used to evaluate the physiological
function of cone cells, and 30Hz flicker ERG could also
evaluate the blood circulation in the retina [41–43]. Retinal
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Figure 11: Tissue distribution of ligustilide in the Chuanqi microemulsion in situ gel (normal animals).

Table 11: +e distribution of ligustilide (dry-AMD animals, microemulsion gel group, n� 4).

Time points/tissues Cornea (ng/g) Lens (ng/g) Vitreous body (ng/g) Retina (ng/g)
30min 293.88± 21.43 0 106.98± 8.67 76.36± 5.88
1 h 164.07± 12.18 0 85.58± 5.42 53.45± 3.63
2 h 103.51± 7.10 0 68.46± 3.21 37.42± 1.71
4 h 77.42± 3.62 0 0 0

Table 12: +e distribution of ligustilide (dry-AMD animals, blank group, n� 4).

Time points/tissues Cornea (ng/g) Lens (ng/g) Vitreous body (ng/g) Retina (ng/g)
30min 0 0 0 0
1 h 0 0 0 0
2 h 0 0 0 0
4 h 0 0 0 0
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Figure 12: Tissue distribution of ligustilide in the Chuanqi
microemulsion in situ gel (dry-AMD animals).
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pigment epithelial cells could support, nourish, and protect
the photoreceptor cells, and the number of these cells could
show the function and state of the retina [44]. +is study
showed that compared with other drugs, the Chuanqi
microemulsion in situ gel had significantly improved b-wave
amplitudes of dark ERG, dark max ERG, light ERG, and
flicker ERG in the dry-AMDmodel animals. +ese results of
ERG and retinal pigment epithelial cell count indicated that
the Chuanqi microemulsion in situ gel had obvious ad-
vantages in improving the function of photoreceptor cells
and improving blood circulation in the retina. +at is to say
the novel ophthalmic nanopreparation can reduce the
symptoms of dry-AMD in animals.

5.2. Discussion on the Results of Tissue Distribution Research.
Compared with the Chuanqi microemulsion in situ gel and
Chuanqi in situ gel, the index ingredient (ligustrazine) could
reach the posterior eye segment faster. Ligustrazine in the
Chuanqi microemulsion in situ gel could reach the retina
through the cornea and vitreous body within 30 minutes in
normal and AMD model rats. In addition, microemulsion in
situ gel could deliver drugs to eye tissues of the AMD model
rat more efficiently than the normal rat; the decline of the eye
barrier in the AMD model rat might be the cause of this
phenomenon. In the following study, the drug eye permeation
route of ligustrazine in the Chuanqi microemulsion in situ gel
was studied, and results showed that ligustilide could pene-
trate from the anterior region to the posterior region through
the route of cornea-vitreous body-retina. +e sequence of the
ligustilide concentration was cornea> vitreous body> retina.
+e relevant research provided a basis for understanding the
mechanism and law of eye penetration.

In this study, astragaloside IV and ligustilide were not
detected in the cornea, lens, and retina of each animal. +e
possible reasons for this phenomenon were as follows: (1)
astragaloside IV had a large molecular weight and strong po-
larity, which were not conducive to crossing the biological
barrier; in addition, the drug-metabolizing enzyme in the eye
made the drug transformed and could not be detected; (2)
ligustilide was less stable, and it was more easily degraded by
metabolic enzymes in the eye. Although the above two com-
ponents had not been quantitatively measured, their possible
metabolites in the eye might also have a therapeutic effect.

To sum up, the combination of TCM and nanotech-
nology could increase the concentration of the active in-
gredients of TCM in the posterior segment of the eye,
thereby improving the therapeutic effect of TCM on the
ocular posterior segment eye disease. +e attained results
from this study could provide a platform for the develop-
ment of new therapeutic drugs for other posterior segment
eye diseases, such as diabetic retinopathy, glaucoma, and
retinal pigment degeneration.

6. Conclusion

+e particle size of the Chuanqi microemulsion was
38.56± 0.21 nm, and it was unevenly globular or quasi-
globular. +e results of pharmacodynamic studies showed

that the Chuanqi microemulsion in situ gel had certain roles
in repairing retina damage of the dry-AMD animal model.
+e advantage of no irritation was beneficial to develop a
nanopreparation for dry-AMD. +e results of pharmaco-
kinetic studies showed that the microemulsion in situ gel
could effectively deliver drugs to the posterior eye of the
AMD model rat through the route of cornea-vitreous body-
retina. +is paper provided a meaningful research strategy
and research basis for the development of new dry-AMD
therapeutic drugs.
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